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NATIONAL ADVISORY COMMHTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

ALTITUDE PERFORMANCE OF J35-A-17 TURBOJET ENGINE 
IN AN ALTITUDE CHAMBER 
By K. R. Yinoent and B. M. Gala 


SUMMARY 

An investigation of the altitude performance characteristics 
of an Allison J35-A-17 turbojet engine has "been conducted in an 
altitude chamber at the HACA Lewis laboratory. Engine performance 
was obtained over a range of altitudes from. 20,000 to 60,000 feet 
at a flight Mach number of 0.62 and a range of flight Mach numbers 
from 0.42 to 1.22 at an altitude of 30,000 feet. 

The performance of the engine over the range investigated could 
be generalized up to an altitude of 30,000 feet. Performance of the 
engine at any flight Mach number in the range investigated can be 
predicted for those operating conditions at which critical flow 
exists in the exhaust nozzle with the exception of the variables 
corrected net thrust, and net-thrust specific fuel consumption. 

INTRODUCTION 

An Investigation was conducted In an NACA Lewis altitude chamber 
to determine the altitude performance characteristics of an 
Allison J35-A-17 axial-flow turbojet engine. The engine used for 
this investigation was a standard production engine. The range of 
simulated flight conditions extended from flight Mach numbers 
of 0.42 to 1.22, assuming 100-percent ram recovery, at an altitude 
of 30,000 feet, and from altitudes of 20,000 to 60,000 feet at 
a flight Mach number of 0.62. 

Altitude-performance data for the engine are presented in both 
graphical and tabular form. In addition, the performance data 
have been generalized to standard sea- level conditions to determine 
the extent to whioh altitude performance may be predicted from 
eea-level operation of the engine. 
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APPARATUS AND PROCEDURE 
Engine' 

The Allison J35-A-17 axial-flow turbojet engine (fig. 1) has 
eleven stages of compression giving a compression ratio of approx- 
imately 5 to 1 at the rated engine speed of 7800 rpm, eight com- 
bustion chambers of the through- flow type, and a single-stage 
axial- flow turbine. A fixed conical exhaust nozzle having a diam- 
eter of 17.69 inches was installed on the engine. Operation of 
the engine with this nozzle produoed a tail-pipe gas temperature 
of 1265° F (1725° R) at rated engine speed, at static sea level 
conditions, for the particular tail-pipe configuration used. At 
these operating conditions the guaranteed rated thrust is 4900 pounds 
with a specific fuel consumption of 1.08 pounds per hour per pound 
of thrust and an air flow of 85 pounds par second. The maximum 
dimensions of the engine are a 40 -inch diameter and a 146 -inch 
length. The dry engine weight without starter generator and 
tachometer generator is 2220 pounds. 

For this investigation the standard engine fuel-control system 
was removed and a J33-type fuel pump, barometric, and throttle were 
installed. These alterations were made in order that the performance 
of the engine could be obtained outside the limits imposed by the 
fuel-control system. An aluminum accessory cover and bell cowl 
(fig. 1) were installed at the compressor inlet to obtain a Smooth 
air flow into the compressor. 


Altitude Chamber 

The altitude chamber in which the engine was installed is 10 feet 
in diameter and 60 feet long (fig. 2). The ohamber is divided into 
an inlet section and an exhaust section separated by a steel bulkhead. 
The engine was mounted on a thrust measuring bed in the inlet section, 
and the tail pipe of the engine extended through the bulkhead into 
the exhaust section. Freedom of movement for the tail pipe was 
provided in both social and radial directions by means of a seal com- 
posed of three asbestos board rings. A calibration of the thrust 
indicators was made. 

Air is supplied to the inlet section of the chamber through a 
supply line from the laboratory air system. Combustion air can. be 
obtained from this system over a range of temperatures from -40° to 
85° F. Fine control of the inlet-air temperature is obtained by the 
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use of electric heaters installed in a bypass line upstream of the 
chamber. The inlet and exhaust pressures are controlled by means 
of remote-controlled valves in the supply lines and the exhaust 
lines , respectively. A set of straightening vanes is installed in 
the chamber upstream, of the engine to provide a uniform air-flow 
distribution at the engine inlet. 

The hot gases discharged from the exhaust nozzle of the engine 
are removed from the exhaust section of the altitude chamber through 
a diffusing elbow and a dry-type primary cooler. A dry-type 
secondary cooler downstream of the exhaust valves further cools the 
hot gases before passing them into the laboratory exhaust system. 


Instrumentation 

The locations of the instrumentation stations for the engine are 
shown in figure 3. The detailed location of the separate temperature 
and pressure probes within a given station is shown in figure 4 
for those stations at whioh data are presented herein. Pressure and 
temperature probes at each station were so located that a mean value 
of temperature or pressure could be obtained by mechanical, 
electrical, or arthmetical averaging of the individual readings. 

Engine- Inlet pressure and temperature were set, for a given 
, run, using the readings of the instrumentation at station 1. The 
instrumentation at station 2 was used in calculating the altitude 
correction factors 9 and S and the compressor pressure ratio. 

Air flow and Jet thrust were computed using the arithmetical average 
of the total temperatures and pressures, and the mechanical average 
of the four wall static pressures at station 8 (appendix). The 
thermocouples at station 9 were provided by the manufacturer and 
used in determining the size of the exhaust nozzle to be installed 
on the engine for the purposes of this investigation. The atmos- 
pheric pressure surrounding the Jet nozzle was sensed by a tube 
installed on the downstream side of the bulkhead dividing the Inlet 
and exhaust sections of the altitude chamber. 

Fuel flow was measured by two rotameters connected in series; 
two rotameters were necessary to cover the entire range of flows 
and to keep 'the physical size at a minimum. Calibration of the 
rotameters was made with the type of fuel used in the investigation 
(A2T-F-58). 
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Procedure 

Inlet and exhaust pressures and inlet temperature were set to 
correspond to the desired flight conditions in the BACA standard 
atmosphere assuming 100-percent ram recovery. The pre satires were 
set to within .±0.02 inch of mercury and, in general, the inlet 
temperature to within ±5° P. The range of altitudes covered was 
from 20,000 to 60,000 feet at a flight Mach number of 0.62, and 
the range of flight Mach numbers covered was from 0.42 to 1.22 at 
an altitude of 30,000 feet. At each flight condition, the engine 
speed was varied over a range from approximately 5500 to 7800 rpm. 

The additional instrumentation at station 8 used to measure 
the air flow through the engine dictated the use of a longer tail 
pipe to obtain a smooth velocity profile. A tail-pipe length of 
65 inches was therefore used in place of the 30-inch tail pipe 
supplied by the manufacturer. The alterations necessitated a 
static sea- level calibration of the engine before. the simulated 
altitude performance was determined in order to compare the cal- 
ibration with that obtained by the manufacturer during the engine 
acceptance tests. 


RESULTS AMD DISCUSSION 
Sea-Level Calibration 

The installation of the long tail pipe and more extensive 
instrumentation increased the back pressure in the tali pipe and 
reduced the engine speed at which rated tail-pipe gas temperature 
was obtained. In an effort to more nearly realize rated engine 
speed and rated tail-pipe gas temperature simultaneously, the 
exbaust-nozzle diameter was increased from 17.47 to 17,69 inches. 
Engine performance at static sea-level pressure with both the 
original 17 .47 -inch and 17. 6 9- inch exhaust nozzles Is shown in 
figure 5, along with the manufacturer * s acceptance test with the 
original tail pipe and exhaust nozzle. The addition of the long 
tail pipe and extra instrumentation raised the corrected tail-pipe 
gas temperature approximately 70° for a given corrected engine 
speed (fig. 5(c)). When the original nozzle was replaced by the 
larger nozzle, the corrected tail-pipe gas temperatures dropped 
approximately 30° below those encountered with the manufacturer's 
original tail pipe and nozzle above an engine speed of 6500 rpm. 
The change in nozzle d iame ter reduced the corrected Jet thrust 
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about 3 percent (fig. 5(a)) and the corrected net-thruBt specific 
fuel consumption by 1.5 percent (fig. 5(b)). At the conclusion 
of the investigation reported herein, a calibration run was made 
and the results obtained after 52 hours of engine operation are 
included in figure 5. At the end of the 52-hour period, neither 
the corrected jet thrust nor the corrected net-thrust specific 
fuel consumption had changed. Above a corrected engine speed 
of 6000 rpm, the corrected tail-pipe gas temperature decreased 
about 1 percent for a given corrected engine speed. The data 
presented in figure 5 are also tabulated in table X. 


Simulated Flight Performance 

Simulated altitude performance data obtained in this inves- 
tigation are presented in table H. The data were adjusted to 
correct for small variations in compressor- inlet pressure and tem- 
perature from the desired standard flight conditions and are 
presented in table UX and in figures 6 and 7. 

Effect of altitude . - The effect of altitude and engine speed 
on jet thrust, net thrust, air flow, fuel flow, net- thrust specific 
fuel consumption, and tail-pipe gas total temperature are shown in 
figure 6 for a flight Mach number of 0.62. The reduction of jet 
thrust, net thrust, air flow, and fuel flow with increasing altitude 
is shown in figures 6(a) to 6(d). The net-thrust specific fuel 
consumption decreased as the altitude was increased from 20,000 to 
40,000 feet "below rated engine speed (fig. 6 (g)) and then increased 
with further increases in altitude. The decrease, in part, was 
caused hy an increase in compressor Mach number and compressor pres- 
sure ratio associated with the lower temperatures at the higher 
altitudes; the adverse trend came from the effects of Reynolds 
number (reference 1) on the compressor efficiency and the decrease 
in combustion efficiency. For a flight Mach number of 0.62, a 
minimum net- thrust specific fuel consumption of 1.21 pounds per 
hour per pound of thrust occurred at an altitude of 40,000 feet 
at an engine speed of 7000 rpm, 800 rpm below rated speed. 

The tail-pipe total gas temperature (fig. 6(f)) was unaffected 
by changes in altitude up to an altitude of 40,000 feet. The 
increase in tail-pipe total gas temperature above an altitude of 
40,000 feet is attributed to the decrease in compressor efficiency 
at the lower Beynolds numbers, which requires more work from the 
turbine to maintain a given rotational speed and hence a higher 
turbine- inlet temperature. 
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Effect of flight Mach number , - The effect of flight Mach num- 
ber on engine performance at an. altitude of 30,000 feet is shown 
in figure 7, in which the performance variables are shown as 
functions of engine speed for a range of flight Mach numbers. The 
jet- thrust and air-flcw curves (figs. 7(a) and 7(c)) show the 
typical increases encountered with increasing flight Mach number. 

The net- thrust and fuel-flow curves (figs. 7(b) and 7(d)) show the 
typical crossover point between engine speeds of 6200 and 6800 rpm. 

The net-thrust specific fuel consumption shown in figure 7(e) 
increased for a given engine speed as the flight Mach number 
Increased. A large portion of' the increase occurred at flight 
Mach numbers between 0.42 and 0.62. A minimum net-thrust specific 
fuel consumption of 1.15 pounds pair hour per pound of thrust 
occurred at an engine speed of 6800 rpm, a flight Mach number 
of 0.42, and an altitude of 30,000 feet. At rated engine speed, 
increasing the flight Mach number from 0.42 to 1.05 increased the 
specific fuel consumption from 1.22 to 1.32 pounds per hour per 
pound of thrust. 

The tail-pipe total gas temperature (fig. 7(f)) decreased with 
increasing flight Mach number below an engine speed of 7000 rpm, and 
increased with increasing flight Mach number near rated engine speed. 
At rated engine speed, increasing the flight Mach number from 0.42 
to 1.05 raised the tail-pipe total gas temperature from 1600° to. 
1650° R. 


Generalized Performance 

The performance data shown in figures 6 and 7 have been gen- 
eralized by means of the altitude correction factors 9 and &. 

The generalized data are tabulated in table III and presented in 
figures 8 and 9. The correction factors were derived on the assump- 
tion that the effect of compressor Reynolds number would be neg- 
ligible (reference 2). The performance data will thus generalize 
as a function of corrected engine speed if this assumption is 
correct. 

Effect of altitude . - The effects of altitude on the generalized 
variables corrected jet thrust, corrected net thrust, corrected air 
flow, corrected fuel flow, corrected net-thrust specific fuel con- 
sumption, corrected tail-pipe total gas temperature , and compressor 
pressure ratio are shown in figure 8(a) to 8(g). Generalization 
of these variables was not obtained above an altitude of 30,000 feet 
over the complete speed range. 
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The effect of decreasing compressor Reynolds number on the compressor 
is to decrease the air flow anl the compressor efficiency (refer- 
ence, 1) , which results in a change in the engine operating line, 
giving rise to an increased compressor pressure ratio (fig, 8(g)), 
and consequently the nongeneralization of the performance data 
above an altitude of 30,000 feet. 

Lack of a continued decrease in air flow (fig. 8(c)) with -the 
change in altitude from 50,000 to 60,000 feet is attributed to 
instrumentation errors. 

Effect of flight Mach number . - The effect of flight Mach num- 
ber on corrected engine-performance data at an altitude of 30,000 feet 
is shown in figure 9. When the exhaust nozzle becomes choked the 
Mach number of the flow at any point within the engine is dependent 
only on the compressor Mach number and, therefore, for a given com- 
pressor Mach number the conditions of flow similarity are satisfied 
and the performance is independent of the. flight Mach number. The 
relation between corrected engine speed and flight Mach number for 
exhaust-nozzle choking 1 b shown in figure 10. 

For the range of corrected engine speeds where the exhaust 
nozzle is choked, the performance variables air flow, fuel flow, and 
tail-pipe total gas temperature generalized (figs, 9(d), 9(e), and 
9(g) ) • Although corrected jet thrust can not be expected to gen- 
eralize because of changes in the pressure ratio across the exhaust 
nozzle, the corrected Jet- thrust parameter, developed in reference 3, 
was independent of flight Mach number when the exhaust nozzle was 
choked (appendix), (fig. 9(b)), The corrected net thruBt and net 
thrust specific fuel consumption were also independent of flight 
Mach number above a flight Mach number of 0.62 (figs. 9(c) and 9(f)). 

At higher altitudes, where the effect of compressor Reynolds number 
on engine performance is more pronounced, nongeneralization of the 
data might be expected. 


SUMMARY OF RESULTS 

Altitude performance of a J35-A-17 turbojet engine was inves- 
tigated in an altitude chamber over a range of altitudes from 

20.000 to 60,000 feet at a flight Mach number of 0.62 and a range 
of flight Mach numbers from 0.42 to 1,22 at an altitude of 

30.000 feet. The following results were obtained. 
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1. At a flight Mach number of 0.62 the generalized performance 
variables corrected Jet thrust, corrected net thrust, corrected air 
flow, corrected fuel flow, corrected net-thrust specific fuel con- % 
sumption, and corrected tail-pipe total gas temperature generalized 
up to an altitude of 30,000 feet. 

2. For corrected engine speeds at which critical flow existed 
in the exhaust nozzle, the generalized performance variables cor- 
rected Jet thrust parameter, corrected air flow, corrected fuel flow, 
and corrected tail-pipe total gas temperature were independent of 
flight Mach number at an altitude of 30,000 feet. 

3. For a flight Mach number of 0.62, a minimum net- thrust 
specific fuel consumption of 1.21 pounds per hour per pound of 
thrust occurred at an altitude of 40,000 feet at an engine speed 
of 7000 rpm. 

4. At rated engine speed, tail-pipe total gas temperature 
increased with increasing altitude above 40,000 feet. At 
60,000 feet, the tail-pipe total gas temperature at rated engine 
speed exceeded the limit of 1725° R of the engine. No significant 
variation in tail-pipe total gas temperature with flight Mach num- 
ber occurred at rated engine speed. Thus, operation of the engine 
was not temperature limited by variations in flight Mach number. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, 
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APPENDIX - CALCULATIONS 


Symbols 

Tiie following symbols are used in the calculations and figures 
area, sq ft 


velocity coefficient, C T 



thrust, lb 

acceleration of gravity, 32.2 ft/seo 2 

enthalpy of gas based on total temperature, Btu/lb 

enthalpy of gas based on static temperature, Btu/lb 

difference between total and static enthalpy, Btu/lb 

meohanical equivalent of heat, 778 ft-lb/Btu 

engine speed, rpm 

total pressure, in. Hg absolute 

static pressure, in. Hg absolute 

universal gas constant, 53.34 ft-lb/(lb) (°R) 

total temperature, °R 

static temperature, °R 

velocity, ft/sec 

air. flow, lb/sec 

fuel flow, lb/hr 
gas flow, lb/sec 
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y ratio of specific heats 

S ratio of compressor- Inlet total pressure to standard sea-level 
pressure, 29.92 in. Hg absolute 

Q ratio of compress or- Inlet total temperature to standard sea- 
level temperature, 518.4 °R 

Subscripts: 

i indicated 

J Jet 

n net 

s seal 

t exhaust- nozzle throat 

0 free-stream conditions 

Numbered subscripts refer to instrumentation stations within the 
engine (fig. 5). Prime superscripts refer to calculations assuming 
an isentropic process. 


Methods of Calculation 

Temperature . - The static temperature was calculated from the 
indicated temperature by the following relation: 


% 



where the temperature ratio was determined by using reference 4 and 
assuming: 
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and 


Tg - t Q = T 8 ,l " *8,1 

Eeference 4 accounts for the variation, in y (for air) due to tem- 
perature. The factor 0.96 is an average recovery factor for the 
thermocouples . 

Air flow . - Air flow was determined from the measurements of 
indicated temperature and total and static pressures in the tail 
pipe at station 8 as follows: 


W, 


8 


70.42 Pq Ag 

Eti 


V SgJAKg 


where reference 4 was used to determine AHg. The air flow is then 


o . w_ - — 5L 
a » 8 S 3600 

Added to these computed values of air flow were a midframe leakage 
correction determined from a calibration supplied by the manufacturer 
and a cooling air flow measured by means of a flat plate orifice. 

Flight frteich. number . - The flight Mach number was determined from 
the equation 



Flight velocity . - The flight velocity was determined from the 
equation 

T 0 = A/2gJHQ 


Jet thrust . - The Jet thrust was determined from the pressure 
anri temperature readings taken at stations 8 and 10 and calculated 
from the following equations: 

Fj = + 70.42 A t (p t - p 0 ) 

S 
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where C y = 0.975, = 1.7083 square feet, and 

V - /^2gJ(H 8 -h t >) • 

For critical flow in the exhaust nozzle. 


Pt 


(&Y 


A 


For subcritical flow. 


P t " P G " P 10 

Net thrust . - Net thrust was determined by subtracting the inlet 
momentum of the air, at the particular simulated flight speed, from 
the Jet thrust. Thus 


Jet- thrust parameter . - The Jet-thrust parameter can be developed 
from the following equation for Jet thrust: 

F J * ^ + 70 * 42 A t (Pt “ Po> 

If two different flight Mach numbers x and y are applied to the 
engine, both at the same corrected engine speed and both causing 
critical flow in the exhaust nozzle, then 


G*r) y ” (^) y ' 70 ' 42 At (N J2 )y 

Because it is assumed that the gas flow and throat velocity will 
generalize, these two equations are equal and 


fr 
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TABLE I - STATIC SEA-ISVZL CALIBRATIONS 


[Altitude, Oj average flight Mach number, 51 


Point 

Compressor - 
Inlet total 
pressure, P2 
(in. Hg abs.) 

Exhaust 

static 

pressure, 

(in. Hg abs.) 

Compressor - 
inlet total 
temperature 

T 2 

(°R) 

Engine 

speed 

N 

(rpm) 

Jet thrust 
(lb) 

Tail -pipe 
total gas 
temperature 

*8 

(or) 

Net -thrust 
specific fuel 
consumption 

lb/(lb)(hr) 

Accumulative 

engine 

time 

(hr) 


29.40 

29.59 

573 

2970 

254 

1634 

3-063 

4.25 


29.40 

29.38 

577 

4088 

533 

1545 

2.253 

4.25 


29.40 

29.37 

579 

5567 

1287 

1450 

1.474 

4.25 


29.40 

29.38 

579 

6122 

1811 

1461 

1.250 

4.25 

5 

29.40 

29.39 

■ 582 

6678 

2433 

1550 

1-164 

4.25 

6 

29.40 

29.39 

577 

7058 . 

3045 

1643 

1.133 

4.25 


29.40 , 

29.36 

577 

7422 

3646 

1750 

1.119 

4.25 


29.33 

29.30 

570 

7793 

4269 

1735 

1.107 

6 


29.33 

29.35 

571 

7420 

3633 

1633 

1.100 

6 

10 

29.32 

29.30 

569 

7053 

3066 

1535 

1.099 

. 6 

11 

29.32 

29.30 

567 

6682 

2513 

1457 

1.130 

6 

IS 

29.34 

29.35 

571 

6131 

1819 

1383 

1.226 

6 

13 

29.32 

29.33 

574 

5574 

1129 

*(a) 

1.694 

6 

14 

29.33 

29.35 

579 

4096 

533 

1486 

2.429 

6 

15 

29.31 

29.30 

572 

2972 

252 

1574 

3.753 

6 

16 

29.35 

29-37 

549 

2972 

265 

1516 

(a) 

52 

17 

29.35 

29.35 

555 

4005 

556 

1445 

(a) 

52 

IB 

29.35 

29.35 

556 

5567 

1327 

1347 

1.334 

52 

19 

29.28 

29.28 

555 

6123 

1877 

1346 

1.183 

52 

20 

29.35 

29.35 

557 

6680 

2543 

1433 

1.113 

52 

21 

29.35 

29.35 

557 

7040 

3132 

1515 

1.082 

52 

22 

29.35 

29.35 

562 

7426 

(a) 

(a) 

(a) 

52 

23 

29-32 

29.32 

561 

7784 

4337 

1704 

1.104 

52 


a Data unavailable 
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TABLE II - PERFORMANCE AID OPERATIONAL DATA OBTAINED AT SIMULATED ALTITUDE CONDITIONS^ 
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p 

rHa. 
•HO 
O — 

Aaemulatlve engine time 
(hr) 

1 

20,000 

17.90 

13.77 

1.300 

474 

6566 

1121 

37.22 

818 

926 

925 

2.499 

240 

67 

6 

155 

(■) 

45 

2 

20,000 

17.89 

13.75 

1.301 

477 

6123 

1615 

42.49 

1173 

Eli 

1049 

3.096 

240 

97 

7 

166 

IOI 

4G 

3 

20,000 

17.89 

13.75 

1.301 

478 

6680 

2334 

48.24 

1780 

ESI 

1233 

3.814 

235 

120 

8 

183 

It 

45 

4 

20,000 

17.90 

13.77 

1.300 

480 

7046 

2779 

50.61 

2250 

ESI 

1374 

4.228 

£26 

140 

9 

80S 

toi 

45 

6 

20,000 

17.88 

13.76 
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Figure 2, - Altitude chamber vith J35-A17 examine inetalled in best section* 
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Figure 3. - Sectional rlov at angina shoving inatruaarrtatloD stations. 
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Figure 4. - Instrumentation details. 
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Figure 4. - Instrumentation, details. 
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Corrected engine speed, !f/V§> rpm 

(h) Corrected net -thrust specific fuel consumption. 

Figure 5. - Effect of exhaust configuration wrui engine time on performance of engine at 

static sea-level pressures. 
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Corrected engine speed, lf/\/e", rpm 
(c) Corrected tail -pipe gas temperature. 

Figure 5. - Concluded. Effect of exhaust configuration and engine time on per- 
formance of engine at static sea -level 'pressure. 
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(a) Jet thrust. 

Figure 6. - Effect of altitude on engine performance- Flight Mach number Mq, 0-62. 
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Figure 6. - Continued. Effect of altitude on engine performance. Flight Mach 

number Mq, 0.62. 
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(e) Net-thrust specific fuel consumption. 

Figure 6. - Continued. Effect of altitude on engine performance. Flight ifach 

number Mg, 0.62. 
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Engine speed, N, rpm 
(f) Tail -pipe total gaa temperature. 


Figure 6. - Concluded. Effect of altitude on engine performance . Flight Mach num- 
ber Mp, 0.62. 
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Engine speed, N, rpm 
(a) Jet thrust. 

Figure- 7 Effect of flight Ifech number mi engine performance Altitude, 30,000 feet. 
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Figure 7. - Continued. Effect of flight Mach number on engine perf ormance . Alti- 
tude, 30,000 feet. 
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Figure 7. - Continued. Effect of flight Mach number on engine performance . Alti- 
tude, 30,000 feet. 
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(4) Fuel flow. 

Figure 7. - Continued. Effect of flight Mach number on engine performance. Alti- 
tude, 30,000 feet. 
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aagine speed, N, rpm. 

(e) Set-thrust specific fuel consumption- 

Figure 7. - Continued- Effect of flight 'Mach number on engine performance 

tude, 30,000 feet. 
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Engine speed, N, rpm 
(f) Tail-pipe total gas temperature. 

- Concluded. Effect of flight Mach number on engine performance . Alti- 
tude, 30,000 feet. 
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(a) Corrected jet thrust. 

Figure 8. - Effect of altitude an corrected engine performance. 

number Hq, 0.62. 
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■ - Continued. Effeot of altitude on oorreoted engine performance. 
Flight Mach number Kq, 0.62. 


Figure 8 
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Corrected fuel flow, Wf/fyje, lb/hr 
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Corrected engine speed, tf/Y©i rpm 
(d) Corrected fuel flow. 

Figure 8. — Continued. Effect of altitude on corrected engine performance. 

Flight Mach number Uq, 0.6S. 
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5000 5500 6000 6500 7000 7500 8000 8500 

Corrected engine speed, ’&/*&', rpat 

(e) Corrected net— thrust specific fuel consumption. 


Figure 8. - Continued. Effect of altitude on corrected engine performance. 

Flight Mach number Mg, 0.62. 
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Figure 8. — Continued. Effect of altitude an oorreoted engine performance 

Flight Uach number Mq, 0.68. 
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Figure 8. — Concluded. Effect of altitude on corrected engine perfor man ce. 

Flight Mach number Hq, 0.62. 
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(a) Corrected Jet thrust. 


Figure 9. - Effect of flight Mach number on corrected engine performance 

Altitude, 30,000 feet. 
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Figure 9* — Continued* Effect of flight Jfach. number on corrected engine 
performance* Altitude, 30,000 feet* 
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(c) Corrected net thrust. 

Figure 9, - Continued. Effect of flight Mach number on corrected engine 
performance. Altitude, 30,000 feet. 
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5000 5500 6000 6500 7000 7500 8000 8500 

Correoted engine speed, H/Y&, rpm 

(d) Corrected air flow. 

. — Continued. Effect of flight Mach number on correoted engine 
performance. Altitude, 30,000 feet. 
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Corrected engine speed, !&/*(&, rpm 
(e) Corrected fuel flow. 
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Figure 9, — Continued, Effect of flight Mach number on corrected engine 
performance. Altitude, 30,000 feet. 
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Figure 9. — Continued* Bffeot of flight Mach number on corrected engine 
performance. Altitude, 50,000 feet* 
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. — Concluded. Effect of flight Mach number on corrected engine 
performance. Altitude. 30,000 feet. 


Figure 9, 
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